Objective: This study reports the development of the OsteoArthritis Questionnaire (OA-Quest) e a new measure designed to comprehensively capture the potentially modifiable burden of osteoarthritis. Design: Item development was guided by the a priori conceptual framework of the Personal Burden of Osteoarthritis (PBO) which captures 8 dimensions of osteoarthritis burden (Physical distress, Fatigue, Physical limitations, Psychosocial distress, Physical de-conditioning, Financial hardship, Sleep disturbances, Lost productivity). One hundred and twenty three candidate items were pretested in a clinical sample of 18 osteoarthritis patients. The measurement properties of the OA-Quest were assessed with exploratory factor analysis (EFA), Rasch modelling, and confirmatory factor analysis (CFA) in a community-based sample (n ¼ 792). Conclusions: The OA-Quest is a new measure of osteoarthritis burden that is founded on a comprehensive conceptual model. It has strong evidence of construct validity and provides reliable measurement across a broad range of osteoarthritis burden.
Introduction
Osteoarthritis has a pervasive impact on an individual and the society. Internationally, osteoarthritis is a major contributor to morbidity 1, 2 , disability 3 , and economic costs 4, 5 . For individuals, osteoarthritis affects daily function 6 , sleep 7 , sexual satisfaction 8 , and even life expectancy 9 . While indicators of societal burden quantify the magnitude of the problem, individual-level indicators can be used to identify targets for interventions, potentially impacting on the problem at the societal level. However, accurate quantification of the individual burden of osteoarthritis requires the availability of measures that comprehensively capture outcomes of importance to the affected individuals.
We recently described the Personal Burden of Osteoarthritis (PBO) framework, derived with patient and clinician input 10 . The PBO framework identifies eight domains of osteoarthritis burden, including Physical distress, Fatigue, Physical limitations, Psychosocial distress, Physical de-conditioning, Financial hardship, Sleep disturbances, and Lost productivity. Concepts such as Physical deconditioning, Financial hardship, and Lost productivity are not specifically represented as distinct domains in the International Classification of Functioning (ICF) 11 . Consequently, the PBO framework can make novel contribution to measurement of the individual burden of osteoarthritis by providing disease-specific information to complement the ICF. However, a systematic review of 158 self-report questionnaires found that no measures fully capture concepts of the PBO framework 12 , including even recently developed measures 13 .
This study reports the development of the OsteoArthritis Questionnaire (OA-Quest) derived from the PBO framework. The OA-Quest is intended to capture an individual's burden of osteoarthritis, regardless of joint(s) affected, either at a single point in time or change over time.
Methods
The OA-Quest development utilised a reflective model, which postulates that items in a given subscale reflect single underlying concept. The process of OA-Quest development, including item generation, item refinement, cognitive pretesting, and quantitative phases is described below and summarised in Fig. 1 .
Generating OA-Quest items
In the construction of the OA-Quest, we adopted a "validitydriven" approach 14 , defined as "…grounded approach to a concept definition that includes consultation with a broad range of stakeholders…" and "…stakeholder participation in the organization of ideas into groups that form the basis for hypothesizing scales to be included in the measurement tool…" 14 . The PBO framework 10 , developed using concept mapping 15 with patients and clinicians, was used as an a priory conceptual model. The 430 statements describing the individual burden of osteoarthritis generated during the development of PBO framework were used as the pool of OAQuest items. Prior to questionnaire construction, definitions of the PBO domains 10 were used to construct two vignettes for each dimension of the OA-Quest, describing an individual with high and low levels of the attributes (Table I) . The vignettes delineated the conceptual 'universe' of the OA-Quest and were used during the item refinement phase to ensure content validity of the new questionnaire 16 .
Next, a 5-point response scale, ranging from 0 (not at all true of me) to 4 (extremely true of me) was developed. The 5-point response scale was selected as it had been previously reported to have good reliability of responses 17 while maintaining manageable responder
burden.
Item refinement
The aim of this phase was to convert concept mapping statements into questionnaire items. Initially, the first author (LB) split multiple-concept statements into single units of meaning, yielding 486 potential items. Next, LB rewrote the statements so that they were in the first person and contained a direct reference to joint problems. Attribution to joint problems rather than to osteoarthritis was guided by previous research showing that individuals may not always be aware of the specific type of arthritis they have 18 .
Following this, a group meeting of the authors utilised the vignettes describing the PBO domains (Table I) to review dimensions of the OA-Quest for content validity, including completeness of content coverage, availability of items that targeted the high and low burden levels, and presence of redundant items. This resulted in 372 redundant items removed and addition of 24 items to ensure coverage of high and low levels of burden within each dimension. The additional items were sourced from a systematic review of questionnaires that are currently used to capture the individual burden of osteoarthritis 12 . Working independently, the authors then checked the remaining 138 items against a set of item rules (Table II) , rating each item as 'rule met'/'rule not met'. Items rated as 'rule not met' by at least one author were revised. All items were submitted to a medical editor and to a linguist for review of grammar and clarity of expression. Finally, all 27 health professionals from the original concept mapping study 10 were invited, by e-mail, to comment on the questionnaire's ability to capture issues of importance to people with osteoarthritis; whether there were any additional issues that might not be represented in the questionnaire; and identify any items that were unclear or ambiguous. Seven health professionals (orthopaedic surgeon, two physiotherapists, rheumatologist, occupational therapist, aged care worker, and orthopaedic nurse) responded. The experts identified 43 unclear items, which were revised, and seven redundant items, which were eliminated, leaving a pool of 131 draft items.
Cognitive pre-testing
To ensure that the OA-Quest was understood as intended by the target population and maintained fidelity to the PBO framework, the draft items were cognitively pre-tested with osteoarthritis patients who took part in concept mapping 10 . All 26 individuals were posted a copy of the questionnaire, with invitation to take part in an interview about how well the questionnaire captured problems experienced by people with osteoarthritis. Nineteen individuals (73%) agreed (median age 66 years, 21% male). During the interview, each participant was administered a subset of 20e25 items. The subsets were constructed by randomly drawing items from the overall item pool and then reviewed and manually amended by the first author (LB) to ensure that each item received assessment from at least five participants. The participants were read out preselected items and asked to elaborate on what they thought the item was measuring and to comment on how well the questionnaire captured issues important to people with osteoarthritis. Individuals were interviewed individually (over the phone) and their responses were recorded verbatim. Cognitive interviews supported face and content validity of the emergentquestionnaire,withoneparticipant(female,69years)noting that the "questions looked as though they were written by someone who has the experience of joint pain". The interviews also identified 27 potentially unclear items which were revised (n ¼ 19) or removed (n ¼ 8), leaving 123 items for the construction of the OA-Quest.
Quantitative studies of questionnaire construction and evaluation
This phase of the study aimed to undertake psychometric assessment of the emergent questionnaire. The participants were recruited with the assistance of state affiliates of Arthritis Australia (AA), the peak Australian body representing people with arthritis. AA posted the survey to their members registered as having osteoarthritis, with males and individuals from low socio-economic status areas targeted especially, as these groups were previously reported to have low survey participation rates 19 .
In addition to OA-Quest, the survey collected demographic and arthritis-related information, including prior medical diagnosis of arthritis (yes/no); type of arthritis diagnosis; and presence, location, and severity (1 ¼ none, 5 ¼ extreme) of joint pain. Individuals were classified as having osteoarthritis if they (1) reported existing diagnosis of osteoarthritis, or 'wear and tear arthritis', or 'degenerative arthritis' and (2) were experiencing chronic joint pain 20 . This method of identifying osteoarthritis was previously reported to have high specificity (95%) and moderate sensitivity (63%) compared with clinical examination 20 .
Statistical analyses
Following recommendations of Worthington 21 , we undertook exploratory factor analysis (EFA) initially to explore dimensionality of the OA-Quest, followed by item analysis, internal consistency assessment, and confirmatory factor analysis (CFA) to test construct validity. Item analysis utilised Rasch modelling 22 and EFA within the CFA framework (E/CFA) 23 . Internal consistency of the OA-Quest subscales was assessed with Cronbach's alpha and Raykov's composite reliability index (CRI) 24 . Compared with Cronbach's alpha, which can under-or over-estimate true reliability of a measure, CRI is a relatively unbiased estimate of internal consistency 25 and allows for items to be measured on a categorical scale. On both indices of internal consistency, values !0.80 and !0.90 were considered acceptable for group and individual assessment, respectively 26 .
EFA and CFA are closely related procedures and both are based on correlations between questionnaire items. Consequently, a CFA model informed by EFA of the same data is likely to show better fit in a sample from which it was derived than any other random sample drawn from the same population. To ensure robustness of CFA model fit indices to the effects of chance variations in item correlations, total study sample was split into two subsamples, with questionnaire construction (EFA and item analysis) and questionnaire evaluation (internal consistency and CFA) analyses carried out with a separate subsample of respondents.
Sample size
Current recommendations for factor analytic studies indicate a minimum sample size of 300 observations 27, 28 . Since EFA and CFA were carried out on a separate subsample of respondents, the total required sample size was 600þ observations. Given that previous studies involving community-based postal surveys reported response rates of 25e30% 29 , 2700 AA members were contacted for a minimum expected sample of 675. 
EFA
Factorability of the OA-Quest items was determined by a statistically significant (P < 0.05) Bartlett's test 30 and KaisereMeyereOlkin (KMO) measure !0.60
31
. In addition to 8-factor solution postulated by the PBO framework 10 , optimal number of factors was also assessed using Kaiser's rule (factors with eigenvalues >1.0)
, scree plot 32 , and parallel analysis 33 . The scree test involves plotting the eigenvalue of each successive factor and seeking areas in the plot where the eigenvalues exhibit a large break, with only factors above the break retained. Parallel analysis compares the eigenvalues of the extracted factors with those obtained from a randomly generated dataset where all variables are uncorrelated. Only the factors with eigenvalues that exceed those from the random dataset are retained.
Factors were extracted using robust mean and variance adjusted weighted least squares estimator (WLSMV) 34 , which is suitable for use with categorical variables. CrawfordeFerguson oblique Varimax rotation 35 , which performs better than other types of rotations at identifying distinct factors 36 if these truly exist in the data set, was applied. EFA solutions retaining different number of factors (as suggested by the dimensionality tests) were assessed on: (1) factor reliability (at least four items with loadings !0.5 37 per factor), (2) simple structure (no cross-factor loadings !0.33), (3) conceptually meaningful factors, and (4) adequate variance explained by the solution (!50%) 37 .
Item analysis

Rasch modelling
Following EFA, Rash partial credit modelling 38 , which allows item thresholds to differ between items, was used to evaluate the OAQuest items within their respective subscales. Good overall fit of a subscale with the Rasch model was commensurate with nonsignificant values of the log-likelihood chi-square test 39 . Fit of individual items was evaluated with the information-weighted (infit) mean-square (MnSq) and standardised fit residuals (Zstd), with MnSq values of 0.7 to 1.3 39 and Zstd À2.0 to 2.0 40 considered acceptable.
Since Zstd tend to have very high rate of Type I error 41 , given acceptable MnSq values, misfit on Zstd alone was not considered to be problematic 39 . Items were also assessed on threshold ordering and differential item functioning (DIF). Uniform and non-uniform DIF was examined across subgroups based on age (<70/!70 years), gender, education (high school/further education), income ( AUD$40,000/ >AUD$40,000), and affected joint (hand, hip, knee, foot). Statistically significant DIF (ManteleHaenszel test) and/or DIF magnitude !0.5 logits were interpreted as indication of measurement bias 39 .
EFA within CFA framework E/CFA represents an intermediate step between EFA and CFA and was utilised in the assessment of item unidimensionality 42 . Unlike EFA, where number of factors is not known in advance, E/CFA tests pre-specified number of factors (akin to CFA). However, unlike CFA, People with high scores are hopeless about the future and feel worthless, depressed, angry, and lonely, and are worried about their physical appearance.
Low scores represent people whose psychological wellbeing is not affected by osteoarthritis. Having osteoarthritis does not make them feel worthless, depressed, angry, lonely, hopeless, or worried about their physical appearance.
Sleep disturbances
Sleep disturbances due to joint pain, including problems with falling asleep, waking up through the night, and reduced overall sleep quality.
High scores represent someone who has difficulty falling asleep at night, is constantly woken up by pain, and who feels that their sleep is disturbed by pain and not restful.
High scores represent a person whose sleep is not affected by osteoarthritis. They have no difficulty falling asleep at night and do not feel that their sleep and rest are disturbed by pain.
Lost productivity
The capacity for productive work, such as keeping up with work tasks, reduced on-the-job effectiveness, and work absences due to joint pain.
High scores represent someone who struggles to keep up with work tasks, feels that their work is ineffective and unproductive, and often has to take time off work due to their osteoarthritis.
Low scores represent someone whose work productivity is not affected by osteoarthritis. Such person does not feel that they are ineffective and unproductive at work and seldom takes time off work due to their osteoarthritis. Financial hardship Financial burden of osteoarthritis, including financial strife and difficulties with paying for day-to-day and medical expenses.
High scores are characteristic of someone who has great difficulty in being able to meet their expenses and generally finds it hard to make ends meet financially.
Low scores characterise someone whose financial wellbeing is not affected by osteoarthritis. Such person does not feel that their osteoarthritis makes it difficult for them to meet day to day or medical expenses.
where each item is constrained to load onto one factor only, E/CFA requires that an anchor item (i.e., the highest loading item in an EFA solution) is specified for each factor. The anchor items are then fixed to load only onto their respective factors while the remaining items are allowed to load onto each factor. By examining how individual items relate to multiple dimensions, E/CFA is able to identify items that may have better fit with the dimension other than that for which they were initially intended. This property of E/ CFA makes it a useful adjunct to Rasch modelling as it provides insights into sources of non-unidimensionality, rather than simply identifying items that may be non-unidimensional. Items were considered unidimensional if they had a primary loading of !0.5 on their intended factor and no crossloadings !0.33 42 .
Item removal
Following Rasch and E/CFA, decisions about item removal were made based on the strength of evidence against an item's psychometric robustness, in descending order: non-unidimensionality, threshold disordering, high measurement error (MnSq>1.3 and/or Zstd>2.0), and measurement bias (DIF). To preserve construct validity of the OA-Quest, decisions about item removal were also guided by the importance rating (1 ¼ unimportant to 5 ¼ essential) of corresponding statement(s) obtained during concept mapping of the PBO framework development 10 . An item that measured a concept with importance rating !4 was retained even if it had 'failed' one or more statistical tests of item fit. 10 . Since causal relationships are necessarily strong, discriminant validity of the OA-Quest was consistent with correlations <0.90 involving Physical distress and Physical limitations factors and correlations <0.85 for the remaining factors.
Local fit was assessed through item factor loadings and residual variances (variance in a given item that in unexplained by the CFA model). Loadings !0.70 and residual variance <0.50 were considered acceptable. Additionally, residual correlations were examined to assess how well the CFA model reproduced item correlations. High absolute values of residual correlations (>0.20) indicate that influences other than factors in the CFA model explain the observed correlations, thus violating the local independence assumption.
Missing data
Missing data were assumed to be missing at random and were imputed with expectation-maximisation algorithm (SPSS software). Missing responses ranged from 5% to 20% for items measuring lost productivity and were minimal (<3%) for the remaining items. 
Ethical approval
Ethical approvals were obtained from the University of Melbourne (#060419), Cabrini Hospital (#04-10-07-06), and Royal Melbourne Hospital (#2006.135). All participants provided informed consent. The procedures followed were in accordance with the ethical standards of the responsible committees' and with the Helsinki Declaration of 1975, as revised in 2000. 
Results
Participants
From the 2700 questionnaires posted by AA, 792 (29.3%) were returned. The participants ranged in age from 23 to 93 years (median 69 years). The majority (79.2%) was female and almost two thirds (65.2%) were retired. Hands were affected most frequently (68.1%), followed by knees (61.2%) and hips (45.8%). Despite the questionnaire being posted only to individuals with osteoarthritis, only 85.1% could be classified as having osteoarthritis (15.3% self-reported rheumatoid arthritis, 2.8% had other type of arthritis, and 9.7% reported chronic joint pain but not doctor diagnosed arthritis) (Table III) .
Questionnaire construction and evaluation subsamples
As Table III indicates, an unexpectedly large proportion of respondents did not meet study criteria for osteoarthritis. As the OAQuest was designed to be an osteoarthritis-specific tool, it was deemed most appropriate to restrict analyses related to the questionnaire construction (EFA, Rasch modelling, and E/CFA) to individuals who met case definition for osteoarthritis. Data from the remaining respondents were restricted to the assessment of internal consistency and construct validity of the new questionnaire. Consequently, the construction subsample comprised 394 respondents randomly selected from among 674 individuals with osteoarthritis. The evaluation subsample included the remaining 398 individuals (including 280 with osteoarthritis). The subsamples were comparable for age, sex, and income, but severity of joint problems was somewhat greater in the construction subsample (Table III) .
EFA
Bartlett's test (c 2 (7503) ¼ 32,370.9, P < 0.001) and KMO (0.94) supported factorability of the item set. Scree plot and parallel analysis suggested 7 factors and Kaiser's rule identified 15 factors. Factor solutions retaining 8 (as postulated by the PBO framework) and 15 factors yielded at least one unreliable (<4 variables) factor and showed lack of clear conceptual groupings of variables. Both solutions were therefore rejected. A 7-factor solution produced factors that corresponded to the Physical distress, Physical limitations, Psychosocial distress, Sleep disturbances, Physical deconditioning, Lost productivity, and Financial hardship dimensions of the PBO framework. However, the Fatigue items did not emerge as a separate dimension and were strongly associated with the Physical distress and Lost productivity factors. The solution explained 74% of variance in the data. Each factor had at least four strong (>0.5) loadings and there were only 20 crossloading items (Supplementary Table A) .
Item analysis and removal
While the initial subscales had good overall fit with the Rasch model, several problematic items were identified (Supplementary Table B ). Twenty seven items had high measurement error (MnSq>1.3 and/or Zstd>2.0), 119 showed measurement bias, and Table D) . The remaining 42 items formed the final version of the OA-Quest.
Internal consistency
The OA-Quest subscales showed high internal consistency ( Table IV) . Values of Cronbach's alpha ranged from 0.85 (Physical de-conditioning) to 0.96 (Sleep disturbances). CRI values were even higher, ranging from 0.90 (Physical de-conditioning) to 0.98 (Sleep disturbances).
Construct validity
The 7-factor model (c 2 (113) ¼ 316.36, P < 0.001; normed chisquare ¼ 2.8; CFI ¼ 0.97; RMSEA ¼ 0.07) had a very good fit, providing strong support for the convergent validity of the OAQuest. Local fit was also excellent, with only one loading <0.70 (item 111 'Put on weight' of the Physical deconditioning subscale; Table IV ). There were no residual correlations >0.20 and only 14 (1.6%) >0.10, providing strong support for the local independence assumption (Supplementary Table E) . Factor correlations involving Physical distress and Physical deconditioning subscales were 0.88 or lower and correlations for the remaining subscales were 0.79 or lower, supporting the discriminant validity of the OA-Quest (Table V) .
Discussion
This paper describes the development of the OA-Quest e a multidimensional questionnaire of the individual burden of osteoarthritis. The development of the OA-Quest was guided by a conceptual framework grounded in the lived experience of people with osteoarthritis and the health professionals involved in managing this condition. The results of internal consistency tests and CFA provide strong evidence for the reliability and construct validity of the OA-Quest as a measure of individual burden of osteoarthritis.
Careful examination of the factorial structure of the OA-Quest yielded 7 dimensions of osteoarthritis burden that closely matched the PBO framework 10 . An exception was merging of Fatigue items into the Physical distress dimension. While this was unexpected, in the construction of the PBO framework, no separate fatigue dimension was identified in either patient or health professional workshops 10 , with only 5 of 430 concept mapping statements referring to fatigue ("Feel more tired (because of medication, pain, etc.)"; "Tiredness because of not enough restful sleep"; "Pain is worse when I am tired"). Fatigue as a distinct theme only emerged during post-workshop synthesis of concept mapping results by the research team 10 .
The results of this quantitative study are in keeping with results of concept mapping, as well as with the results of an earlier qualitative study 46 , where fatigue was perceived to be closely linked with pain and pain severity. While a number of osteoarthritis-specific measures exist, many (e.g., Ref. 47, 48) target specific joints and may not be relevant to people with osteoarthritis in multiple joints. The non-joint specific questionnaires (e.g., Ref. 13, 49 ) assess a different set of outcomes to that of the OA-Quest. The OA-Quest is currently the only osteoarthritis-specific measure that captures such aspects of osteoarthritis burden as loss of physical fitness. There is also a current lack of arthritis-specific measures of work-related impact 50 and the OA-Quest Lost productivity subscale addresses this gap. As such, the OA-Quest is envisaged to be a valuable addition to the current measures used to capture the impact of osteoarthritis.
A major strength of this study is that the development of the OAQuest is based on a well-developed conceptual model, which ensured that the OA-Quest captures the full range of osteoarthritis burden in a person's life. This is an important element in questionnaire construction that is often ignored or overlooked 14 and is a major strength of the OA-Quest. Researchers, clinicians, and policymakers can therefore have confidence that the OA-Quest returns the complete picture of osteoarthritis burden. An additional strength is the combined use of item analysis methods drawn from classical test theory (E/CFA) and Rasch modelling. This allowed a thorough item assessment and the selection of items that had high measurement precision and were free from a range of measurement biases. Psychometrically sound items are a fundamental pre-requisite for a psychometrically sound scale: if individual items do not measure their underlying construct adequately, a scale consisting of such items is unlikely to provide adequate assessment of that construct. One of the limitations of this study was the low proportion of individuals who were in paid work at the time of survey. Although the items selected for inclusion into the OA-Quest were free from age-related measurement bias, the robustness of the questionnaire and generalisability of the results to younger, employed individuals remains to be confirmed. Another limitation was the relatively low response rate among health professionals invited to provide expert review of the OA-Quest and patients invited to take part cognitive interviews, which could potentially impact the generalisability of results of these phases of the study.
The OA-Quest captures the full range of outcomes relevant to people with osteoarthritis. Its items are generated directly from the statements made by individuals from the target population. Each subscale of the OA-Quest is an independent measure and researchers are able to choose particular scales relevant to their research questions. Further research is needed to evaluate construct validity of the OA-Quest with respect to established measures, its temporal stability, and sensitivity to change in response to clinical interventions.
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